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Abstract 
Blacktail Creek (BTC) is a second order stream that joins Silver Bow Creek (SBC) within 
Butte’s watershed. This stream contained heavy metals since Butte’s mining boom in the 1900’s, 
the source of the contamination is seen today at a place known as the “BTC berm” (Tuccci, 
2014). Grove Gulch is a tributary stream of Blacktail Creek and is located southwest of Butte, 
MT. The stream is approximately 6 miles long from its headwaters to its point of discharge into 
BTC. Historically, this stream discharged half a mile downstream from its current location and in 
the late 1800’s the stream was used for mining, industrial, and smelting waste (Bond, J. et. All, 
2010). This practice continued for almost a century. These wastes introduced heavy metals such 
as, arsenic, lead, iron, cadmium, and mercury to the surface water of the stream. 
Reducing/eliminating these heavy metals within Grove Gulch are necessary due to its connect to 
downstream restored areas.  
 
Evaluations and field observations of the streams longitudinal profile were conducted to 
determine which sections throughout the stream were most applicable to restoring the stream. 
Concluding this, Reach-1 was observed to contain desirable riffle-pool sequences for a restored 
stream. Cross-section data was collected in the field for this area using a Trimble Global 
Positioning System (GPS) unit. Seven cross-sections were surveyed based on their riffle-pool 
sequence. The first cross-section was a pool located directly below the Copper Mountain 
Recreation Center (CMRC). Each cross-section was measured for its water surface profile and 
flow. From this data, a Hydrological Engineering Center-River Analysis Software (HEC-RAS) 
model was built to illustrate current stream conditions. The results of this were within a 17% 
difference of the measured water surface profiles with one section being 60% difference. The 
model consistently predicted lower water surface elevations during calibration but predicted 
slightly higher elevations post-calibration. This data was then applied to a theoretical stream 
design for Grove Gulch which was conducted in Arc-Geographical Information System 
(ArcGIS) using a digital elevation map and HEC-Geospatial Hydrologic Modeling Extension 
(HEC-GEORAS).  
 
Grove Gulch’s vegetation and stability showed signs of a physically healthy stream but 
samples from the streams water show elevated levels of heavy metals (Craig, 2016). Aligning the 
stream to its natural flow path would restore the streams water and sediment quality. A 
theoretical stream design was created in ArcGIS with HECGEO-RAS that contained riffle-pool 
sequences, average widths, depths, and flows for Grove Gulch Reach-1.  
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1. Introduction  
Blacktail Creek (BTC) is a second order stream comprised of multiple first order streams. 
Water flows from the lower order streams such as, Grove Gulch, into higher order streams such 
as, BTC. Discharge from these lower streams influences water quality, sediment, surrounding 
soils, vegetation, and habitat life of lower streams. 
Grove Gulch is first order stream, located in the southwest region of Butte, MT, that 
flows directly into BTC along Lexington Avenue. Historically, Grove Gulch discharged 
approximately a half a mile downstream of its current location (Bond, J. et. All, 2010). The 
stream has been modified multiple times due to historical industrial practices that occurred at the 
current Copper Mountain Recreation Center (CMRC) land area. Previously, the CMRC location 
was host to a landfill, zinc processing mill, and tailings waste. These operations left heavy metals 
such as arsenic, copper, lead, iron, and zinc within soils surrounding the area, as well as, its 
surface water. As a tributary stream, Grove Gulch’s water and sediment quality potentially 
influences that of BTC’s water and sediment quality.  
1.1. Stream Restoration  
Creeks, streams and rivers are moving bodies of water that differ in size, shape, depth, 
and location. However, each of these bodies of water are linked through a stream network. 
Geologic landscapes appear to distribute stream networks in a manner that is unorganized and 
scattered within a watershed (Paul, 2017). To quantify the network, the Strahler Method is 
applied to determine the hierarchy of streams, in which, tributaries orders are determined in 
relation to the downstream source (Hughes, 2011). Tributary waters connect from the headwaters 
of a watershed to the main water source and exchange water quality and sediment loads through 
each intersected tributary (Constantz, 2013). Transportation and accumulation of metals and 
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sediment occurs through changing flow patterns based on climate and land use. An increase in 
metal concentrations negatively affects the streams environment through bioaccumulation within 
plants, animals, and humans (Adepoju, 2014).   
Degradation of a stream is exemplified through natural hydrological changes, 
anthropogenic practices, and point and non-point sources. The implications of these constituents 
are seen at the environmental and ecological level. Assessment of these stressors at a (bio)-
chemical, biological, and ecological stance is crucial to identifying a procedure to re-establish or 
restore the stream (Verdonschot, 2000).   
Stream restoration is the process of restoring or re-establishing the streams natural 
structure, function, and behavior prior to the disturbance (Matlock, 2011 & NRCS, 2007). The 
objectives of stream restoration start with a basis that sustainable conditions are stable, self-
managed, and require minimal support (Verdonschot, 2000). Pre-existing condition assessments 
are used to establish the stream’s need for restoration and stability (NRCS, 2007). Quantitative 
and qualitative data is collected during surveying to gage current conditions of the watershed. 
Data compiled from surveying is verified and validated to be used in developing a stream 
restoration design (or plan). 
1.2. Upper Clark Fork Watershed 
The Upper Clark Fork Watershed, located in the southwest region of Montana, occupies 
an area of 1,870 square miles of land (Fork, W.R.C., 2018). The land area stretches from Butte, 
Montana to Missoula, Montana. The Clark Fork river runs for 120 miles through the watershed 
and consists of 33 tributary streams. One of the main tributary streams is Silver Bow Creek; 
located within the Butte’s Watershed. 
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1.2.1. Stream Orders  
Tributary waters are a small body of water that drains into larger bodies of water. The 
connects made between tributary streams and larger water bodies creates a stream network that is 
quantified into a stream hierarchy. This is evaluated by the Strahler Method, which assigns 
numbers to streams based on their location relative to the primary body. The Blacktail Creek 
sub-watershed contains multiple streams, but this study focuses on the connections between 
Silver Bow Creek, Blacktail Creek, and Grove Gulch which are classified as tributary streams to 
the Clark Fork River. The streams hierarchy proceeds as followed: Grove Gulch is a tributary to 
Blacktail Creek and is classified as a level 1, then Blacktail Creek drains to Silver Bow Creek 
and is classified as a level 2 tributary, and last Silver Bow Creek flows into the Clark Fork River 
and is classified as a level 3 tributary.  These three streams have been included within the 19 
identified impaired waters of the Upper Clark Fork River (Bond J., 2010). 
1.2.2. Climate  
The Upper Clark Fork Watershed typically sees similar climatic changes as that of mid-
elevation valleys in western Montana (Bond J., 2010). Change in elevation greatly effects 
expected climate within this area. Butte, MT receives most rainfall in May and June with an 
annual precipitation of 12.75 inches and an annual snowfall of 62 inches (Climate Butte, 2018). 
During the months of May and June flow within streams and river is typically at peak flow.  
1.2.3. Vegetation and Land Use 
Vegetative coverage for the Blacktail Creek watershed is categorized into forest and 
developed land. Along Grove Gulch, Silver Bow Creek, and Blacktail Creek the primary plant 
species are willow, sedge, and some Alder and Dogwood (Gilliam, 2013). 
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The Blacktail Creek watershed is compiled of several types of land use. The southwest 
region of Butte is primarily agricultural and rural residential used for grazing animals. Directly 
north of this location land is predominantly used for public recreation or residency.    
1.3. Grove Gulch  
Grove Gulch, located in the southwest region of Butte, Montana, flows for approximately 
6 miles prior to discharging into Blacktail Creek (Graig, 2016). Grove Gulch’s headwater is 
located near the foothills of the mountains in southwest Butte (Figure 1). Near the streams 
headwater, surface flow is primarily dependent on runoff. However, base flow can be seen from 
Little Basin Creek Road, where it flows into a constructed storm water retention pond. An 
overflow weir releases runoff from the retention pond, returning water to the streambed where it 
continues at surface level until reaching the Copper Mountain Recreation Complex (CMRC). At 
CMRC, the stream is directed towards a culvert where water flows through a submerged pipe for 
0.45 miles. The stream surfaces along CMRC’s property line, flowing alongside a trucking 
business into a small residential suburb, and continuing to a streamed wetland area. The stream 
then discharges into Blacktail Creek.   
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Figure 1. Grove Gulch stream. 
1.3.1. Fluvial Geomorphology  
The geologic conditions surrounding Grove Gulch are territorially unique. Butte’s 
watershed is contained in the Boulder Batholith. The batholith is estimated to have formed 70 to 
80 million years ago during the Late Cretaceous period (Hamblock, 2015). The batholith’s 
geologic structure is made of several different plutons. Grove Gulch’s surface geology is 
comprised of alluvium, monzogranite, and aplite, while the subsurface is a combination of 
granodioritic and aplitic rock (Craig, 2016). Along Grove Gulch’s stream the sediment is a 
mixture of gravel, sand, and minimal silt/clay deposits. Seasonal changes dictate the erosion and 
deposition patterns seen within Grove Gulch. During summer and fall the stream maintains a low 
velocity which allows for the buildup of sediment along the stream bed. In late spring, the stream 
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experiences snow runoff and increased precipitation that changes the overall flow and surface 
elevation of the stream. These climatic changes contribute to altercation along Grove Gulch’s 
longitudinal profile. 
 Changes in the longitudinal profile can be seen from the headwaters of Grove Gulch to 
its point of discharge. At the start of Grove Gulch, the stream is narrow and shallow covered by 
willow and sedge vegetation. This pattern continues for approximately 2.5 miles until reaching a 
retention pond that is located along Little Basin Creek Road. The retention pond contains a large 
amount of water that is released through an overflow weir. From this overflow point, the streams 
cross section changes in depth and length. Throughout the next 1,500 feet the stream ranges from 
deep cross sections to a wetland/marsh type land. The stream expands to about 70 feet wide and 
6.5 feet deep which causes a build-up of water before it enters a culvert that transports the flow 
subsurface for almost 2,500 feet. The stream then discharges through a pipe drains and continues 
through residential and commercial housing before discharging into Blacktail Creek.  
Monitoring Grove Gulch’s morphology is important in determining if the stream is 
stable, transitional, or in-adjustment. The Rapid Geomorphic Assessment (RGA) method 
determines these criteria based on visual identifiers that may cause aggradation, degradation, 
form adjustments, or stream widening (CVC, 2018). Due to the low flow of Grove Gulch, some 
deposition of sediment at the stream bed occurs causing aggradation within the stream. Also, 
some widening is seen past the retention pond. To correctly characterize the stability of the 
stream continued monitoring is required. 
1.3.2. Stream Characterization  
In 2015, data was collected to classify Grove Gulch based on the Rosgen Classification 
system (Craig, 2016). Grove Gulch’s longitudinal profile varies distinctly from its headwaters to 
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the point of discharge. Based on the data obtained, Grove Gulch is classified as type B4 stream. 
The entrenchment ratio was within the range of 1.4 to 2.2 and the depth ratio was determined to 
be moderate. The slope ranged between 2 and 4%, with the sediment material being composed of 
gravel and sand. 
1.4. Copper Mountain Recreation Center  
1.4.1. Historical Stressors  
CMRC’s location has been utilized for a variety of industrial activity ranging from a 
tailings deposit to an ore processing mill. The Timber Butte Zinc Mill was built in 1914 to 
process zinc from the Elm Orlu Mine. The mill ran for 11 years under W.A. Clark until his death 
in 1925. Timber Butte was then acquired by The Anaconda Mining Company and ran 
periodically until it’s demolishment in 1949. The concrete bins (used to stockpile ore) were very 
large and proved costly to dismantle and remains’ standing to this day (Oxo Foundation, 1973).  
The mill processed 450 tons of ore per day during active production. Ore was transferred 
from the Elm Orlu Mine and contained 18% zinc concentration. The large amount of ore 
processed, and high metal concentration generated contamination at the surface level which 
directly affected storm water runoff and sediment. The tailings produced at the site are now 
known as the Clark Tailings.  
An additional industrial site is the Colorado Smelter which was located along the banks 
of Silver Bow Creek during the early 1900’s. The smelter produced up to 12,500 tons of copper 
ore per day until it was permanently closed. High concentrations of copper, lead, and zinc 
contained in these tailings (Craig, 2016). Fine tailings were directly discharged in to Silver Bow 
Creek, while coarse tailings were impounded along its banks. Loading rates were recorded as 
high as 36 pounds per day of copper and 320 pounds per day of zinc. These tailing are known as 
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the Colorado Tailings. During the 1990’s, the Silver Bow Creek Reconstruction Project was 
initiated and 8 years later 1.2 million cubic yards of the Colorado Tailings were consolidated 
with the Clark Tailings.  
The Old Butte Municipal Landfill was located on the historic Timber Butte Zinc Mill 
property until its closure in 1999. A year prior to closure, the Colorado Tailings were moved to a 
repository on site. A Resource and Conservation Recovery Act was addressed before moving the 
tailings due to their high degree of contamination. 
1.4.2. Reclamation and CMRC Construction  
The Copper Mountain Recreation Complex is now located on the historic Butte Timber 
Zinc Mill property. Its construction started upon the closure of the Old Municipal Landfill in 
1999. A flexible membrane cover was installed over the tailing and was capped with soil and 
clay. Grove Gulch was routed under this liner through a drain pipe that discharges near the west 
side of CMRC. 
1.4.3. Surface Water Heavy Metals  
The Montana Bureau of Mines and Geology sampled surface water of Grove Gulch at 
Rowe Road, Hanson Road, downstream and upstream of CMRC intermittently for 32 years 
(1979-2011). The primary heavy metals tested were arsenic, copper, iron, lead, and zinc. Data is 
found online at the Montana Bureau of Mines and Geology Ground Water Information Center. 
1.4.4. Heavy Metal Sources  
Ore contains high concentrations of heavy metal and during processing select metals are 
extracted for production. The discarded ore is classified as tailing and contains elevated 
concentrations of heavy metals. Introduction of tailings to air, soil, or water create unwanted 
point source or non-point source pollution to the surrounding area. Geological composition of the 
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ore determines the potential heavy metal integrated with tailings. Proper disposal of tailings is 
necessary for mining and ore processing because of their potential to negatively affect human 
health and the environment. If tailings are not properly disposed of, natural weather conditions 
such as wind or storm water runoff may transfer and transport heavy metals to into the air, 
sediment, or water.   
The Colorado and Clark tailings were capped with a flexible membrane liner and 24 
inches of new low permeability soil. Underneath this remains tailings with high concentrations of 
copper, iron, and zinc. Grove Gulch was routed underneath the cap, running through the tailings. 
A wooden flume-like structure was built around the channel with an underground pipe 
surrounding the wood. The structure may be bio-degrading due to the moist environment which 
could introduce leaching of metals into Grove Gulch. 
1.5. Best Management Practices  
Best management practices (BMP) are managerial techniques applied to control, prevent, 
or reduce the spread of pollution. BMP’s are evaluated to suit the needs of the situation but aim 
to reduce/eliminate point and non-point sources. BMP’s apply to all medias that have been 
influenced by pollution or degradation by either natural or industrial practices.  
Grove Gulch’s historic land use has introduced downstream heavy metal contamination. 
Burying the stream underneath CMRC within the Clark and Colorado tailings exposed Grove 
Gulch to unnecessary pollutants. Transportation of these metals are based on the streams flow 
patterns. At baseflow the volume contributed to Blacktail Creek is negligible but during storm 
events or runoff periods its contribution is recorded as low to moderate. Large storm events 
caused mine tailings to transfer downstream degrading Blacktail Creek (Tucci, 2014).  
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Applying appropriate BMP’s to Grove Gulch reduces the transport of heavy metals 
downstream to Blacktail Creek. Assessing the streams current conditions provides insight to the 
affect Grove Gulch has on both water quality and sediment transport. Data collected in the field 
contributes to the assessment of appropriate stream design. A few stream restoration options 
have been identified below but will be determined suitable based on field data. 
1.5.1. Reroute Stream Along Natural Flow Path  
Grove Gulch originally flowed through St. Patrick Cemetery and the Pole Treatment 
Plant to discharge into Blacktail Creek (Bond, J. et. All, 2010). The stream was re-routed due to 
seasonal flooding of the cemetery and industrial practices along the creek. The current alignment 
of this stream is suspected to introduced contamination through the leaching of metals from the 
remaining tailings under CRMC.  
Ecological restoration is obtained through reestablishing an area to its most primitive 
state. In stream restoration the streams physical characteristics and species composition need to 
be considered during the design phase. Re-aligning the stream to its natural flow path is one 
option to restore this stream. When streams are brought to their original paths natural climate 
will alter the stream back to its natural physical characteristics (Frey, 2013).   
1.5.2. Bring Stream to Surface and Restore Channel Bank  
Sediment throughout Grove Gulch has been contaminated by tailings for years. The 
sediment contains higher concentrations of metals throughout the lower half of the stream (Craig, 
2016). During rain events the streams sediment gets transported with the flow which discharges 
into Blacktail Creek. An in-situ procedure may be applied to this stream by removing the 
contaminated soil throughout the stream. Adding a liner to this stream may also reduce the 
contamination to the downstream discharge of Grove Gulch.  
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1.6. Goals and Objectives  
The goal of this project is to evaluate various Best Management Practice’s (BMP) 
through modeling current/ideal stream conditions and subsequently applying restoration 
techniques to restore Grove Gulch’s water quality to acceptable water quality standards. The 
objectives of this thesis project are as follows:    
1. Identify and describe Grove Gulch’s current fluvial geomorphology.   
2. Conduct flow and erosion analysis to determine current stream conditions.   
3. Identify stream restoration techniques appropriate for geologic  
and residential conditions.  
4. Propose practical restoration BMPs to reduce or eliminate heavy metal  
discharges from Grove Gulch into Blacktail Creek.  
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2. Methods  
Each stream restoration project is unique in design, physical properties, and geology. 
These parameters influence the type and quantity of data needed to be collected in the field. 
Grove Gulch is a tributary water to Blacktail Creek and is ungauged by the United State 
Geologic Survey (USGS). This limits available flow data for this stream. To account for this 
limitation, field data was collected to understand the current stream conditions relating to flow, 
erosion/deposition, riffle-pool sequences, vegetation, and fluvial geomorphology. The 
methodology for Grove Gulch’s field data collection is based on the NRCS’s Stream Restoration 
Design handbook (2007). Collection of this data is required to develop a base understanding of 
the current streams conditions. This is also pertinent to evaluating the potential need and 
applicability of restoring Grove Gulch back to its initial conditions.  
2.1. Data Collection  
2.1.1. Seasonal Survey  
Grove Gulch is heavily influenced by its surrounding climate. During the hot summer 
months, the stream contains little to no flow downstream from the recreation complex. However, 
during heavy precipitation and snow melt seasons, such as spring and fall, the stream experiences 
continuous flow. Throughout winter the stream is frozen and covered by snow due to regular 
sub-freezing temperatures. This suggests that late spring, early summer, and fall are ideal data 
collection periods for this area.  
2.1.2. Cross-Section  
Grove Gulch’s longitudinal profile changes from its headwater to its point of discharge. 
The stream contains areas that have natural channeling near headwater location, that continue 
until it joins a synthetic retention pond. Downstream of the pond the channel has been 
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constructed to flow under CMRC through a culvert (this section contains large pools and few 
riffles). Further downstream, the stream discharges from a sump and wooden culvert that enter 
the continued constructed stream. This section contains “typical” riffle-pool sequences. For this 
study, this downstream section was chosen to for field data collection and is referred to as 
Reach-1.  
Reach-1 was surveyed using the Trimble GPS unit at seven cross sections. The collection 
of each cross-sections was chosen based on its riffle to pool sequence along the stream. A tape 
measure was stretched across the stream to measure the width of the streams bank. The cross-
section point data was collected based on the width of the stream. Each cross-section point was 
surveyed in latitude and longitude units. Water surface elevations were recorded in the Trimble 
GPS unit at time of collection.  
Data from the survey was exported by the Trimble software 24-hours later to allow for 
corrections to be made to each point. The cross-section information was then input into ArcGIS 
and exported from latitude-longitude units to meters. This was conducted to input this data into 
the HEC-RAS software.   
2.1.3. Flow Data 
Flow data was collected during the fall and spring semester using the Marsh McBerny 
2000 flow gauge. In late spring, flow data was focused toward Reach-1. On May 18th, of 2018 
flow data was collected only at cross-section 1. Each cross-section within the reach was 
measured for flow once on June 17th, 2018 at 6:00 pm. The cross-sections were measured using a 
measuring tape along its bank. The collection of flow was gathered in increments based on the 
width of the bank. The flows velocity was measured in feet per second.  
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Figure 2. USGS flowrate calculations for cross sections. (USGS,2016) 
 
To determine the flowrate, the cross-section areas were divided into increments and the 
area of each increment was multiplied by its velocity (Figure 2). The flowrate of each increment 
was added together then averaged to find the overall flowrate at each cross-section. 
2.1.4. Water Surface Elevation  
Water surface elevations are the elevation of water at a specified location along the 
stream. Reach 1 was the only section that required the recording of the water surface elevations 
for this study.  At each cross-section a tape measure was stretched across the stream and based 
on the width the stream was divided into specific increments to record the water surface 
elevations. These measurements contributed to the development of the average riffle and pool 
depths. It was also applied to the calibration of the HEC-RAS model.  
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2.1.5. Erosion Monitoring  
Erosion throughout a stream can determine the degradation or stability of a streams 
profile. Monitoring the erosion was conducted using the pin method (Ghimire, Higaki, Bhattarai, 
2013), which is inserting a pin along the streambank that contains a mark on its side to measure 
the change in sediment throughout the stream. Five pins were placed along the streambank to 
record any deposition or erosion. Two were located upstream and downstream of CMRC and one 
was located at the point of discharge across Blacktail Creek.  
2.1.6. Vegetation  
Vegetation is an important characteristic to the habitat surrounding the stream, as well as 
the stability of the streams profile. Vegetation along the stream was determined based on field 
observations in the fall and spring. Vegetative growth was also monitored within the stream bed.  
2.1.7. Manning’s Coefficient  
Manning’s coefficient ‘n’ is used to describe the roughness of a streams channel and is 
evaluated on the streams physical characteristics. Typically, the streams sediment size, 
vegetation, bed-material, and channel geometry determine an appropriate Manning’s ‘n’ 
coefficient (Figure 3). Based on this, a Manning’s ‘n’ value was applied to each cross section in 
the HEC-RAS model to produce accurate water surface profiles of the streams cross-sections.   
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Figure 3. Manning's 'n' value. (US Army Corp., 2005) 
2.2. Stream Restoration  
Evaluation of data collected in the field directs the course of restoration appropriate for a 
stream. Grove Gulch is small tributary stream that contains large pooled areas, short straight 
reaches, and many culverts. To determine the appropriate stream restoration design, a hydraulic 
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model was developed to understand the current conditions of the stream. This model was the 
basis for developing a rerouted section of Grove Gulch.   
2.2.1. Hydraulic Model of Existing Conditions (HEC-RAS)  
Hydraulic modeling is important for developing a stream restoration project to analyze 
the current stream conditions and assess potential alternatives. Grove Gulch contains unique 
characteristics that are not ideal in a typical stream, such as the large pooled wetland areas above 
CMRC and short straight sections below the recreation center. When evaluating sections for 
stream modeling distinct riffle-pool sequences and consistent flow are essential to represent 
desired conditions. Aerial and field investigation were conducted to determine the most 
appropriate reach for modeling. Upon investigation, Reach-1 was chosen to build the HEC-RAS 
model and develop the rerouted stream section.  
2.2.1.1. Model Development  
HEC-RAS requires basic geometric data to compute the current and theoretical stream 
conditions. Cross sections need to be collected along the stream, preferably in riffle and pool 
sequences. The reach length modeled is evaluated based on the measured cross sections and 
interval reach lengths are automatically placed in between each cross section. Energy 
coefficients throughout the stream are identified based on the physical characteristics of the 
stream. Manning’s ‘n’ values are crucial in the accuracy of a streams water surface profile. 
Surface roughness, vegetation, alignment, scour/deposition, sediment size/shape, and stage and 
discharge are a few examples of what determines an appropriate ‘n’ value (HEC-RAS, 2010). 
Steady flow data such as flow regime, boundary conditions, and peak discharge information is 
needed to conduct a steady flow model. 
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2.2.1.2. Model Calibration  
The hydraulic model for Grove Gulch is based off the observed stream conditions 
including flow, Manning’s ‘n’, and slope. Geometric data is critical when constructing a model 
because it is the foundation of the streams physical attributes. Water surface elevations and flow 
data were recorded in the field and applied to the model. Calibrating each cross section is 
conducted through the comparison of the water surface elevations collected in the field and the 
water surface elevations produced by HEC-RAS. To calibrate the model adjustments were made 
to the Manning’s ‘n’ value.  
2.2.1.3. Model Error  
Analyzing the model error was made after calibration of the model took place. The field 
measurement of the water surface elevations was compared to the water surface elevations of the 
model. The change in depths across each cross section were evaluated to a 30% maximum error. 
2.2.1.4. Terrain Data 
Vegetation surrounding streams is important in the stability of its bank. It also 
contributing to the nutrient load, slows runoff, and regulates temperature. Throughout Grove 
Gulch much of the stream is vegetated with willow and grass. Upstream of the recreation center 
there is heavy coverage of willow, while downstream grass and shrubs are the primary 
vegetation. These plants and trees have a significant effect on the streams flow and manning’s 
value. 
2.2.1.5. Design Criteria  
Designing Grove Gulch includes evaluating alternative locations, an overview of a 
“theoretical stream profile”, flood capacity, erosion, and vegetation (NRCS, 2007). Alternative 
locations were evaluated based on historical locations and delineation of the watershed. The 
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design of a new stream in this area is represented by the current physical attributes of the stream. 
Based on the current conditions model a new stream can be evaluated for a reroute of the stream.  
Rerouting the stream will directly affect the hydrology of the current watershed. To limit 
flooding or degradation of the stream, an analysis of heavy storm events such as 2, 25, and 50-
year storm events are tested against the developed model. Introducing erosion controls such as 
local vegetation is ideal in the stability of the stream. Vegetation also, helps to regulate nutrients 
and stimulate temperature controls. 
2.2.1.6. Theoretical Stream Design  
A theorized stream for Grove Gulch is based on the current stream conditions. The 
theorized model was developed in ArcGIS using a 10-meter quality DEM. The model developed 
for Grove Gulch was designed based on the average riffle and pool depths. The riffle and pools 
were placed in a sequence which reflected the average length between each run. The model was 
run on a range of flows to quantify and validate the model. The proposed reroute was designed to 
meet the field measured values.    
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3. Results 
3.1. Fluvial Geomorphology  
Grove Gulch flows for approximately 6.2 miles before discharging into Blacktail Creek. 
The headwaters are located at an elevation of 6,396 feet and discharge at 5,476 feet. The slope 
was determined based on the elevation over the length of the stream using ArcGIS, which 
resulted in a slope of approximately 0.02. The entrenchment ratio ranges from 1.4 to 2.2 and has 
a moderate width to depth ratio. The sinuosity of Grove Gulch is low to intermittent containing 
longer runs and few deep pool sections. Sediment of the stream is composed of gravel, sand, and 
silt. These characteristics describe a B4 stream according to the Rosgen Classification system 
(Rosgen, 1996).   
 
Figure 4. Reach 1- length 235 meters. 
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Reach 1 (Figure 4) downstream of the Copper Mountain Recreation Center was focused 
on the design of a proposed stream. Along this reach, there are multiple riffle-pool cross sections. 
Water depths were recorded at each cross section on two separate occasions (April 4th and June 
17th of 2018, Figure 5). The water depths were measured using a stream gage staff. Each cross-
section was labeled as either a riffle or pool. The riffle sections averaged a depth of 5-8 inches 
(.42-.67 feet) and run for approximately 170 feet (Figure 7). The pools range at a depth of 1 to 2 
feet and have an average distance of 52 feet between the pool to the next riffle (Figure 6). The 
average width of the pools downstream of CMRC are 6 to 8 feet.  
 
 
Figure 5. Reach 1, cross-section 1, water depths for April 4th and June 17th. 
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Figure 6. Reach 1, cross-section 1, pool sequence, water depth. 
Figure 7. Reach 1, cross-section 3, riffle sequence, water depth. 
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Throughout all of Grove Gulch, vegetation can be seen along the surrounding banks and 
floodplain. Near the streams headwaters there are thick sections of willow and grass surrounding 
the streams banks. Grove Gulch contains Pacific Willow along the upper sections of its streams 
and along select downstream areas (Figure 8). This vegetation is typical along stream banks 
because it increases the stability of the streams profile, reduces erosion/deposition, and is easily 
manifested. 
 
 
 
 
 
Figure 8. Grove Gulch stream vegetation.  
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Downstream of the recreation center there are sedges such as creeping meadow foxtail 
and Nebraska sedge surrounding the banks of the stream. Vegetation is also prominent within the 
downstream stream of Grove Gulch (Figure 9). In a few sections of the stream, Watercress has 
grown within the bed of the stream. This greatly effects the streams velocity and manning’s 
coefficient. The streams velocity is reduced in sections where Watercress is most prominent. The 
manning ‘n’ value is increased significantly in these areas due to the increase in roughness. 
 
3.2. Flow Analysis  
3.2.1. Flow Data  
Flow was measured at each cross section once during the spring and at the weir along 
Grove Gulch during sampling events. On June 17th, 2018 at 6:00 pm each cross-sections flow 
was measured. Cross sections were measured using a measuring tape and data was collected at 
set intervals along the tape. The velocity (ft per second) of the stream was determined using the 
Figure 9. Grove Gulch stream vegetation Reach-1. 
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Marsh McBurney Flo-Mate 2000. Flow measurements were taken in the spring during peak 
precipitation and runoff season. On June 17th, 2018 each cross section was measured during an 
estimated two-year storm event based on the USGS gage for Blacktail Creek (Figure 10&11). 
During this storm event the average flow for the entire reach was 0.08 meters cubed per second 
(Table I).  
 
 
Table I. Flow data for June 17th, 2018. 
Cross Section # Flow (ft3/s) Flow (m^3/s)
XS1 1 2.48 0.07
XS2 2 2.29 0.06
XS3 3 2.37 0.07
XS4 4 2.55 0.07
XS5 5 3.80 0.11
XS6 6 2.84 0.08
XS7 7 3.18 0.09  
 
 
Figure 10. Flow data from June 17th, 2018 at 6:00 pm. 
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Figure 11. USGS Blacktail Creek Discharge Data June 17th, 2018 
 
3.2.2. Cross-Section Data  
The first survey took place on April 4th, 2018 (Table II). The physical boundaries of the 
cross-sections were recorded using the Trimble GPS unit. The GPS recorded the cross-sections 
in latitude-longitude points. The second survey took place on June 17th, 2018 (Table III). Water 
surface elevations were recorded for each cross-section. Flow data was measured during this 
event. 
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Table II. Cross-Section water depth April 4th, 2018. 
Cross 
Section:  
 1 
Width (ft):  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Depth (ft): 0 0 0 0 0 0 0 0.3 0.4 0.5 1.1 1.6 1.56 1.1 0 
2 Width (ft):  0 1 2 3 4 5 6 7 x x x x x x x 
Depth (ft): 0 0.2 0.48 0.6 0.54 0.7 0.7 0 x x x x x x x 
3 Width (ft):  0 1 2 3 4 5 6 7 8 9 10 x x x x 
Depth (ft): 0 0 0 0 0 0.3 0.6 0.6 0.6 0.6 0 x x x x 
4 Width (ft):  0 1 2 3 4 5 6 7 8 9 10 11 x x x 
Depth (ft): 0 0 0 0 0.7 1 0.9 0.83 0.81 0.65 0.65 0 x x x 
5 Width (ft):  1 2 3 4 5 6 7 x x x x x x x x 
Depth (ft): 0 0.9 1.2 1.05 1.1 0.9 0 x x x x x x x x 
6 Width (ft):  0 1 2 3 4 5 6 x x x x x x x x 
Depth (ft): 0 0.6 1 1.1 1 0.5 0 x x x x x x x x 
7 Width (ft):  0 1 2 3 4 5 6 7 8 x x x x x x 
Depth (ft): 0 0.45 0.3 0.77 0.6 0.75 1.1 0.5 0 x x x x x x 
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Table III. Cross-Section water depth June 17th, 2018. 
Cross 
Section:  
      1 
Width (ft):  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Depth (ft): 0 0.18 0.18 0.18 0.4 0.48 0.45 0.6 1.13 1.5 1.8 2 1.7 0.1 0 
2 Width (ft):  0 1 2 3 4 5 6 7 x x x x x x x 
Depth (ft): 0 0.23 0.43 0.5 0.7 0.8 0.65 0 x x x x x x x 
3 Width (ft):  0 1 2 3 4 5 6 7 8 9 10 x x x x 
Depth (ft): 0 0.15 0.05 0.2 0.3 0.5 0.35 0.45 0.5 0.4 0 x x x x 
4 Width (ft):  0 1 2 3 4 5 6 7 8 9 10 11 x x x 
Depth (ft): 0 0.3 0.5 0.55 0.7 0.55 0.6 0.6 0.68 0.6 0.6 0 x x x 
5 Width (ft):  1 2 3 4 5 6 7 x x x x x x x x 
Depth (ft): 0 0.55 1.5 1.8 1.75 1.8 1.4 0 x x x x x x x 
6 Width (ft):  0 1 2 3 4 5 6 x x x x x x x x 
Depth (ft): 0 0.65 0.6 0.6 0.6 0.2 0 x x x x x x x x 
7 Width (ft):  0 1 2 3 4 5 6 7 8 x x x x x x 
Depth (ft): 0 0.1 0.65 1 1 0.9 0.8 0.7 0 x x x x x x 
 
29 
 
3.3. Erosion  
Pins were distributed in late March to mid-April. During early spring snow remained in 
the upper section of the stream until early April. The remaining pins were placed then and 
monitored over a three-month period. Each pin showed little in erosion or deposition over the 
monitoring period (Figure 12). Water surface elevations increased significantly due to snowmelt 
and rain events causing the pins to submerge slightly under water. Some pins were overgrown 
with vegetation or experienced a buildup of dead weeds along its bank. 
 
 
  
Figure 12. Erosion pin along Reach 1. 
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3.4. HEC-RAS Model  
A HEC-RAS model was developed based on the fluvial geomorphology, flow analysis, 
and (Figure 4). The model was built in HEC-RAS to provide a representation of the current 
stream conditions. HEC-RAS requires flow data, known-boundary conditions, and an estimated 
manning’s coefficient. The HEC-RAS model was developed for the flow conditions on June 17th, 
2018.  
The streams cross-sections were recorded by the Trimble’s GPS unit. The data remained 
in the unit for a 24-hour period to correct the latitude longitude point down to a tenth of a cm. 
The data was then imported into GIS and converted from latitude longitude points into meters to 
input the data in the HEC-RAS software. The data was exported as a csv file to import into HEC-
RAS. The stations, easting, northing, and elevations values were assigned when the geometry 
data was imported.  
Seven cross-sections were placed along Reach 1 in HEC-RAS. Each cross-section 
required a left of bank (LOB), right of bank (ROB), and a channel downstream length. The 
lengths are the measured distances between each cross section. Each length was measured in GIS 
to determine the distance between each cross section. The Manning’s ‘n’ values were entered for 
the LOB, ROB, and channel of the individual cross-sections. The main channel bank stations 
were automatically assigned based on the geometry data (Figure 13). The manning’s ‘n’ value 
was individually applied to the LOB, ROB, and channel. The cross-sections ‘n’ values were 
determined based on the unique characteristics of each division. The vegetation and sediment 
surrounding the stream were considered in the estimated manning’s ‘n’ value. Throughout the 
cross-sections the coefficient ranged between 0.035 to 0.075. 
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Figure 13. Cross-section data for Reach-1 at cross-section 1. 
 
The model’s steady flow data requires known boundary conditions prior to running the 
model. The slope for Reach 1 was determined to be 0.0002 based on the elevation and length of 
stream. This known boundary condition was used as the “Normal Depth” for the entire model 
(Figure 14).  
 
Figure 14. Reach-1 Boundary Conditions. 
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The flow data used for the current stream condition model was retrieved on June 17th, 
2018 at 6:00 pm. Each cross-sections flow was recorded during this survey event. The streams 
average flow rate at this event was 0.08 m³/s. For Reach 1’s profile the average flowrate was 
used to produce the cross-sections water surface elevations (Figure 15). 
 
Figure 15. Steady flow data for June 17th, 2018 at 6:00 pm. 
  
Water surface elevations were taken at each cross section on April 4th and June 17th. The 
elevations from June 17th were used to calibrate the model.  
3.4.1. Model Calibration  
Calibration of the model was primarily dependent on the water surface elevations (Figure 
16 &17). Adjustments were made to the Manning’s ‘n’ value. Each cross-section’s water surface 
elevation was subtracted from the bottom elevation to give the water depth. The water depths for 
both the modeled and measured data were compared to determine the accuracy of the model. The 
calibrated model was then tested against another set of water surface elevations to test the 
model’s calibration. The models water surface elevation difference ranged from 1-17% with 
cross-section 5 having a difference on 60% than that of the measured values (Table IV). To 
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minimize this error, the cross-sections ‘n’ value was analyzed on a range of 0.035 to 0.90. The 
range was expanded from ideal values of 0.035 to 0.075 to see the effects on the water surface 
elevations. When the model was change from the minimum 0.035 to the maximum 0.90 there 
was no difference in water surface elevation. The measured water surface elevation values were 
consistently higher than that of the model.  
Table IV. HEC-RAS model water surface elevation versus measure water surface elevation. 
Cross 
Section 
Bottom 
Elevation 
(m) 
Manning’s 
(n) 
Modeled 
WSE (m) 
Observed Depth from Stream Gauging 
(m) 
Relative 
Error 
(Model vs. 
Observed) 
Modeled 
Depth (m) 6/17/2018 WSE 6/17/2018 
1 1668.55 0.035 1669.05 0.50 0.61 1669.16 18% 
2 1668.81 0.035 1669.05 0.24 0.24 1669.05 1% 
3 1668.81 0.035 1668.96 0.15 0.18 1668.99 18% 
4 1668.76 0.035 1668.94 0.18 0.21 1668.97 13% 
5 1668.61 0.075 1668.83 0.22 0.55 1669.16 60% 
6 1668.15 0.05 1668.35 0.20 0.21 1668.36 5% 
7 1667.94 0.15 1668.20 0.26 0.30 1668.24 14% 
 
Table V. Models initial and calibrated manning’s values for LOB, Channel, and ROB. 
Cross Section 
Number  
Manning’s 'n' value 
Initial Model Conditions  Calibrated Model  
LOB  Channel  ROB LOB  Channel  ROB  
1 0.035 0.035 0.035 0.035 0.035 0.035 
2 0.035 0.035 0.035 0.035 0.035 0.035 
3 0.035 0.035 0.035 0.035 0.035 0.035 
4 0.035 0.035 0.035 0.035 0.035 0.035 
5 0.035 0.035 0.035 0.075 0.075 0.075 
6 0.035 0.035 0.035 0.05 0.05 0.05 
7 0.035 0.035 0.035 0.15 0.15 0.15 
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Figure 16. Grove Gulch HEC-RAS calibrated model Reach 1, Cross Section 7, water surface elevation. 
 
 
Figure 17. Grove Gulch HEC-RAS calibrated model Reach 1, Cross Section 1, water surface elevation. 
35 
 
 
Figure 18. Reach 1 calibrated longitudinal profile. 
3.4.2. Model Validation  
Validating the current stream conditions model was done with a separate set of data. The 
streams flow and water surface elevations were taken along Reach 1 at cross-section 1 on May 
18th, 2018 at 7:45 AM (Table 5) were used to validate the model. The flow data for this stream 
section was 0.01 m³/s. The water surface elevations measured and modeled remained within the 
1-17% difference, but the model predicted higher than measured values for the depth of the 
stream indicate by the negative percentage. This data was limited to 1 cross-section due to the 
available flow data.  
Table VI. HEC-RAS model water surface elevation versus measure water surface elevations (5/18/2018) 
Cross 
Section  
Bottom 
Elevation (m) 
Manning’s 
(n) 
Modeled 
WSE (m) 
Observed Depth from Stream 
Gauging (m) 
Relative 
Error                 
(Model vs. 
Observed) 
Modeled 
Depth (m)  5/18/2018 WSE  5/18/2018 
1 1668.55 0.035 1668.94 0.39 0.34 1668.89 -14% 
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3.5. Proposed Stream Route  
The proposed stream route and design is based on the geomorphology of the watershed 
and the developed HEC-RAS model. A delineation of the watershed was conducted to determine 
the natural flow paths of water through this area. A DEM containing 10-meter resolution was 
found for Grove Gulch and utilized for this assessment (USGS, 2018). Flow lines, streams, and 
watershed area data was retrieved from the USGS National Map website (USGS, 2018). 
Catchments, drainage lines and points, and stream links were determined based on the DEM 
created by Arc Hydro tools (Figure 19). Drainage lines were created in the Blacktail Watershed 
to show which paths water is likely to drain. The drainage points are areas of accumulation of 
runoff or snowmelt. The catchments divide each section of the watershed into localized areas of 
water accumulation.  
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Figure 19. Butte watershed delineation- drainage points and natural flow paths. 
 
The delineation of Blacktail Watershed showed that rerouting the stream can follow the 
natural channeling and accumulation of runoff or snowmelt. Just north of the recreation center 
there is a natural drainage area that can be utilized to channel Grove Gulch and reconnected to 
the downstream reach. The design of the rerouted stream was based on the current conditioned 
model of Grove Gulch. The riffle-pool sequences were based on the average distance of each 
section and the average measured depths in the stream. The model’s cross-sections, bank 
stations, stream lines, and ineffective areas were developed using ArcGIS HEC-GEORAS and 
Arc Hydro tools. This data was exported from GIS to HEC-RAS. The final model was developed 
in HEC-RAS.  
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The “theoretical model” was designed with pools at a depth of 1-2 feet and riffles that 
were 5-8 inches deep (APPENDIX D). The cross sections in Figure 20 show the initial cuts made 
in ArcGIS to input into HEC-RAS. In Figure 21 the cross sections were determined a riffle or 
pool based on their distance from the prior cross section. The cross sections were designed in 
HEC-RAS to apply the riffle and pool depths to the stream.  
 
Figure 20. Grove Gulch reroute floodplain, cross-section, and ineffective flow area.  
 
The “theoretical” design of the rerouted stream is aligned parallel to that of the recreation 
center. The flow is designed to diverge away from its current location to avoid infiltration of 
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contaminates. Initially the stream would flow toward a wetland like area north of CMRC then 
drain into its constructed stream (Figure 20). The designed stream is connected back into its 
downstream location. Its longitudinal profile is roughly 820 meters long and contains a slope of 
0.07 (Figure 21&22). This slope was determined from the DEM in ArcGIS and was used as the 
boundary condition for the proposed stream. The flowrate of the stream was evaluated on a range 
of 0.05-0.10 cubic meters per second.  
 
Figure 21. HEC-RAS Rasmapper of proposed Grove Gulch route. 
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Figure 22. Grove Gulch reroute longitudinal profile. 
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4. Discussion  
Data from this study was used to develop a practical stream restoration option for Grove 
Gulch. Field data was used to develop a visual representation of the streams current conditions. 
Reach 1 was calibrated to accurately depict the measured field values. The results of this model 
were used to develop a preliminary model of a rerouted stream reach for Grove Gulch.  
This study was focused on restoring Grove Gulch by collecting stream data to develop 
and simulate a theoretical design of a rerouted stream. The goal of this project was to eliminate 
contamination from entering the stream by diverting the flow away from the submerged section 
of Grove Gulch. Results of this study showed that redirecting the stream away from CMRC is a 
valid option for restoration. 
A map delineation was conducted to identify the natural flow paths of the watershed. 
Results from this were used to determine a feasible alignment for restoring the stream. 
HECGEO-RAS and HEC-RAS were used to develop the streams longitudinal profile.  
4.1. HEC-RAS Model Current Conditions 
The HEC-RAS model developed for Reach 1 was based on field data. Flowrates, water 
surface elevations, and cross-sections were measured in the field and applied to the model. The 
accuracy of these measurements was compared to the modeled values. The calibrated model was 
accurate up to 17% which accounts for 85% of the reach’s cross-sections. To further validate this 
model more field data should be collected. Water surface profiles and flowrates for Reach 1 were 
collected during the spring which is peak precipitation and runoff season for Butte, MT. A 12-
month monitoring period should be considered to predict seasonal changes in the streams flow, 
vegetative state, and water surface elevations.  
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4.2. Grove Gulch Stream Restoration 
Grove Gulch originally flowed through the cemetery and discharged into Blacktail Creek 
near the Pole Treatment Plant. The stream currently flows under the recreation center, 
discharging through a wooden culvert downstream of CMRC. The submerged section of the 
stream may contact soils that contain traces of heavy metals from historical industrial practices 
of the area. Bypassing this potential contamination could improve the downstream water quality.  
The stream reroute option was designed based on the map delineation of the digital 
elevation map (DEM) found from the National Map (USGS). The map was constructed to 
identify the natural flow paths and drainages of the watershed. Results showed that the streams 
natural channel flowed in the direction of the cemetery and continued toward the Pole Treatment 
Plant to discharge into Blacktail Creek. While these results showed that the streams natural flow 
path is desirable, it is ineffective to follow due to the potential contamination of the Pole 
Treatment Plant. The streams modified pathway was chosen because the stream would follow in 
the direction of the natural alignment for a majority of the section and then divert back into the 
current stream. This allows for the alteration of the stream to only occur for a small portion of 
the stream rather than rerouting Grove Gulch entirely.   
4.3. Limitations  
This study showed that a reroute of Grove Gulch away from CMRC is feasible but 
limitations to the proposed model should be advised. When designing the proposed stream for 
Grove Gulch a 5, 10, 25, and 50-year storm event should be evaluated to determine the flooding 
capacity of the stream. Sediment data would also need to be further developed to account for 
potential changes in the stream due to these events.   
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Evaluating the physical characteristics of each riffle or pool section such as its placement 
along the stream or the cross-sections design should be developed further. The combination of 
physical design and storm event data would validate the rerouted section of Grove Gulch. The 
proposed section is a preliminary design that could be used as a foundation for applying stream 
restoration to Grove Gulch.   
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5. Conclusion  
The first objective of this research was to identify and categorize the fluvial 
geomorphology of Grove Gulch. Second, collect field data on the streams vegetation, erosion, 
cross sections, sediment and water samples, and flow patterns. Third, evaluate the current 
conditions of the stream based on field data using HEC-RAS software and identify any necessary 
stream restoration techniques. Lastly, identify a potential reroute of Grove Gulch and build a 
theoretical model of the stream. The objectives of this project were met with a basis for the 
understanding of Grove Gulch’s current conditions and possibilities for future work within this 
watershed. 
5.1. Flow and Erosion Data  
The flow data was collected during a storm events that took place on June 17th, 2018 and 
May 18th, 2018. The average flow measurement for each cross section of the selected reach for 
Grove Gulch was 0.09 m³/s. Each cross section contained different flows that ranged from 0.06 
to 0.11 m³/s. The flow data was collected during a storm event on June 17, 2018. 
Erosion monitoring pins were inserted during March to mid-April. Periodic monitoring of 
these pins showed little to no erosion surrounding its area. During the spring and early summer 
months the watershed experienced heavy precipitation and an associated increase in vegetation 
throughout the stream. The increased vegetation may have decreased the erosion potential of the 
stream. 
5.2. Stream Restoration  
Field data was collected based on the NRCS Stream Restoration Design Handbook 
(2007). The streams pool depths ranged from 0.3048 to 0.6096 meters and width of the pools 
ranged from 3.9624 to 2.438 meters. The riffle sections were 0.127 to 0.2032 meters and these 
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widths ranged from 1.2192 to 3.6576 meters. Manning’s ‘n’ value was determined based on the 
conditions of the streams fluvial characteristics. A HEC-RAS model was developed to evaluate 
and visualize the current conditions of the stream. The evaluation of the stream showed that the 
stream’s physical attributes including riffle-pool sequences and vegetation were quintessential to 
typical stream.  
Ecological and stream restoration applications would include transferring of current type 
of vegetation and riffle-pool sequence to a rerouted stream. This researched focused on restoring 
Grove Gulch by rerouting the stream away from the current location to bypass the submerged 
section of the stream. 
5.3. Stream Reroute  
The streams reroute options were determined based on the watersheds fluvial 
geomorphology. A delineation of Blacktail watershed was conducted in GIS to evaluate the 
natural flow paths within it basin. The flow lines indicated that the stream could be rerouted 
perpendicular to the recreation center. A theoretical stream was created using HEC-GEORAS in 
GIS to input data into HEC-RAS. The streams design was then created in HEC-RAS. The 
longitudinal profile was over 800 meters long and contained a slope on 0.07 meters. 
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6. Future work and Recommendations  
6.1. Additional Field Data Collection  
Field data was primarily completed in late spring and early summer periods. Since the 
stream is heavily influenced by climatic events it is recommended that further data related to 
erosion, flow, water surface elevation, and vegetative life be monitored for a consistent 12-month 
period. This adds to data already collected and will improve the understanding of Grove Gulch’s 
fluvial processes. 
6.2. Assessment of HEC-RAS Model  
The HEC-RAS model was constructed for one selected reach of Grove Gulch. Collecting 
more cross-section data for the downstream and upstream sections of Grove Gulch would 
develop a more thorough model of the streams current conditions. Applying the recommended 
12-month field measured data to this model would generate more compressive model.   
6.3. Evaluate Reroute Options  
The proposed stream modification is based on the watersheds delineation and historical 
route. Other stream routes could be evaluated for restoring Grove Gulch if wanted. The actual 
implementation of the stream in this route would require the approval of the current land owners 
and land surveying of the course.   
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8. Appendix A: Reach 1 Cross Section Survey Data 
Data for each cross-section over Reach 1 on June 17th, 2018 at 6:00 pm is as followed:   
 
Increment 
(ft)
WSE      
(ft) 
Flow 
(ft/s) Notes 
Q 
(ft^3/s) Q (ft^3/s) 
0 0 0 0 0
1 0.18 0 0 0
2 0.18 0 0 0
3 0.18 0 0 0
4 0.4 0.04 0.016 0.016
5 0.48 0.02 0.0096 0.0096
6 0.45 -0.09 (- current ) -0.0405
7 0.6 -0.16 (- current ) -0.072
7.5 0.83 -0.2 (- current ) -0.083
8 1.13 -0.15 (- current ) -0.08475
8.5 1.3 -0.1 (- current ) -0.065
9 1.5 -0.15 (- current ) -0.1125
9.5 1.6 0.07 0.056 0.056
10 1.8 0.28 0.252 0.252
10.5 1.9 0.68 0.646 0.646
11 2 0.81 0.81 0.81
11.5 1.9 0.7 0.665 0.665
12 1.7 0.4 0.34 0.34
12.5 1.5 0.11 0.0825 0.0825
13 1.15 0.1 0.0575 0.0575
13.5 0.1 0 0 0
14 0 0 0 0  
A 1. Flow data and water depth for cross-section 1. 
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Width 
Increment 
(ft) WSE (ft) 
Flow 
(ft/s) Notes 
WSE 
(Graph) Q (ft^3/s) 
0 0 0 0 0
1 0.23 0.28 -0.23 0.0483
1.5 0.43 0.19 -0.43 0.04085
2 0.43 0.14 -0.43 0.0301
2.5 0.45 0.26 -0.45 0.0585
3 0.5 0.35 -0.5 0.0875
3.5 0.6 0.2 -0.6 0.06
4 0.7 0.65 -0.7 0.2275
4.5 0.7 1.86 -0.7 0.651
5 0.8 1.6 -0.8 0.64
5.5 0.7 0.78 -0.7 0.273
6 0.65 0.53 -0.65 0.17225
6.5 0.5 0 -0.5 0
7 0 0 0 0  
A 3. Flow data and water depth for cross-section 2. 
A 2. Water depth for cross-section 1. 
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Width 
Increment 
(ft) WSE (ft) 
Flow 
(ft/s) Notes 
WSE 
(Graph) Q (ft^3/s) 
0 0 0 0 0
1 0.15 0 -0.15 0
2 0.05 0 -0.05 0
3 0.2 0 -0.2 0
4 0.3 0 -0.3 0
5 0.5 0 -0.5 0
5.5 0.4 0.26 -0.4 0.052
6 0.35 0.64 -0.35 0.112
6.5 0.4 0.79 -0.4 0.158
7 0.45 0.98 -0.45 0.2205
7.5 0.48 1.2 -0.48 0.288
8 0.5 1.46 -0.5 0.365
8.5 0.6 1.44 -0.6 0.432
9 0.55 1.25 -0.55 0.34375
9.5 0.5 1.13 -0.5 0.2825
10 0.4 0.6 -0.4 0.12
10.5 0 0 0 0  
A 5. Flow data and water depth for cross-section 3. 
A 4. Water depth for cross-section 2. 
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Width 
Increment 
(ft) WSE (ft) 
Flow 
(ft/s) Notes 
WSE 
(Graph) Q (ft^3/s) 
0 0 0 0 0
1 0.3 0 -0.3 0
2 0.5 0.05 -0.5 0.025
3 0.55 0.54 -0.55 0.297
4 0.7 0.65 -0.7 0.455
5 0.55 0.61 -0.55 0.3355
6 0.6 0.65 -0.6 0.39
7 0.6 0.7 -0.6 0.42
8 0.68 0.62 -0.68 0.4216
9 0.6 0.33 -0.6 0.198
10 0.6 0.02 -0.6 0.012
11 0 0 0 0  
A 7. Flow data and water depth for cross-section 4. 
 
A 6. Water depth for cross-section 3. 
54 
 
 
Width 
Increment 
(ft) WSE (ft) 
Flow 
(ft/s) Notes 
WSE 
(Graph) Q (ft^3/s) 
0 0 0 0 0
1 0.55 0 -0.55 0
2 1.5 0.22 -1.5 0.2475
2.5 1.5 1.38 -1.5 1.035
3 1.8 1.79 -1.8 2.4165
4 1.75 0.09 -1.75 0.1575
5 1.8 -0.03 (- current ) -1.8 -0.054
6 1.4 0 (- current ) -1.4 0
7 0 0 (- current ) 0 0  
A 9. Flow data and water depth for cross-section 5. 
A 8. Water depth for cross-section 4. 
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Width 
Increment 
(ft) WSE (ft) 
Flow 
(ft/s) Notes 
WSE 
(Graph) Q (ft^3/s) 
0 0 0 0 0
0.5 0 0 0 0
1 0.65 1.12 -0.65 0.364
1.5 0.6 1.57 -0.6 0.471
2 0.6 1.8 -0.6 0.54
2.5 0.7 1.2 -0.7 0.42
3 0.6 1.22 -0.6 0.366
3.5 0.6 0.55 High Veg -0.6 0.165
4 0.6 1.15 -0.6 0.345
4.5 0.5 0.68 -0.5 0.17
5 0.2 0 -0.2 0
5.5 0 0 0 0  
A 11. Flow data and water depth for cross-section 6. 
A 10. Water depth for cross-section 5. 
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Width 
Increment 
(ft) WSE (ft) 
Flow 
(ft/s) Notes 
WSE 
(Graph) Q (ft^3/s) 
0 0 0 Could Assume WSE = 0.1 0 0
0.5 0 0 Could Assume WSE = 0.1 0 0
1 0 0 Could Assume WSE = 0.1 0 0
1.5 0 0 Could Assume WSE = 0.1 0 0
2 0.1 0 -0.1 0
2.5 0.65 0.33 -0.65 0.10725
3 0.8 0.2 -0.8 0.12
4 1 0.68 -1 0.68
5 0.9 1.38 -0.9 0.9315
5.5 1 1.53 -1 0.765
6 0.9 1.18 -0.9 0.531
6.5 0.9 0.1 Veg -0.9 0.045
7 0.8 0 Veg -0.8 0
7.5 0.7 0 Veg -0.7 0
8 0 0 Veg 0 0  
A 13. Flow data and water depth for cross-section 7. 
 
A 12. Water depth for cross-section 6. 
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A 14. Water depth for cross-section 7. 
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9. Appendix B: Current Stream Conditions- HEC-RAS  
Grove Gulch HEC-RAS model for Reach 1. The sections below describe each cross-
sections water surface elevation and water depth.  
 
B 1. HEC-RAS physical stream model. 
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B 2. HEC-RAS model cross-section 1. 
 
B 3. HEC-RAS model cross-section 2. 
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B 4. HEC-RAS model cross-section 3. 
 
B 5. HEC-RAS cross-section 4. 
61 
 
B 6. HEC-RAS model cross-section 5. 
 
B 7. HEC-RAS model cross-section 6. 
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B 8. HEC-RAS model cross-section 7. 
 
 
 
B 9. HEC-RAS model longitudinal profile for Reach 1. 
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B 10. HEC-RAS model 3D view for Reach 1. 
 
10. Appendix C: HECGEO-RAS Data 
The theoretical stream design for Grove Gulch along its natural flow path. 
 
C. 1. HECGEO-RAS theoretical stream design. 
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11. Appendix D: HEC-RAS Proposed Stream  
Stream design from HECGEO-RAS for Grove Gulch in the HEC-RAS software.  
 
D 1. Theoretical stream design for Grove Gulch in HEC-RAS. 
 
D 2. Stream pool cross-section for beginning of re-aligned stream. 
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D 3. Riffled cross-section for theoretical stream design. 
 
 
D 4. Pooled cross-section for theoretical stream design. 
66 
 
D 5. Longitudinal profile for theoretical stream design. 
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D 6. 3D view of the streams profile for Grove Gulch. 
 
 
 
 
 
 
 

